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: 3. 5 ■7avu>*#*->itmm<omi 

i 
I 

: 

■• 3. 5. I 

j ^ D ^^>Vfr^ft(D&mi~.i;Z&mmt&'C'7n\Sls>**i / K ( PO ) £>&£*J:< 

j 8iS^**ttfI«Ki*««#*fc:*&v^ L*U a#, ^SHtd'flESfcl-* ft 

j T PO &£fi£1-*CtlC;£.£ jftjROHSt t tJCffiita, SJCd^»<0«^^ 

&T'$>Zt Z t tcj±@ B**fc**<0:fc#&*<b in 5/ru "CiBRit** 4-^* S-ti: 4 fc|BJ 

att!«^oiiij%t, fttm RfS«flioisiw»ra^*iv»TW«*jt*fc. 

3. 5. 2 ttJR^a- 

*ff%flif^vn- h t LT X MFI mmm<r> TS-l . MWWlfgOTi-MWW, 
t^y^-T^vf'J?;^^^ Ti-MCM-4I im^tZo TS-U Ti-MWW £ Ti-MCM-41 
\i&HM<£$L&-Cffl$ll r tZo TS-l CO^-SitJi, t;H-^'fSSif;l' (TEOSh J-?-*) 
A-r h 7^^v K (TBOT) ISli LTf F7yD^7>t-^Ak K 

D#Hf-r KfcftfflU 170*0 "C 48 ^M*ft'&J« Lfc 'o 540 *CT? 12 BtW&jSfcfrVV 3? 
#J * L m , ! M <7)i£& £ « V » T 20 l$MR%i» Srjfe L „ If Vj&tfL £ 4t o tz 0 Ti-MWW 
li, IfiBTSWLfc 2 o * r, *'>»* l *fft4*ttT1?'> ') * (Cab-o-sil M7D), TBOT 
t kf-oj =J>mMfrh mww «i4**r-4-a Ti ^IttKIWtt 170TC-e*«t*J«L 
fc. *<r>mmn%* 2M <o«8»»»-eit«£fegu Ti i-SBfl't'O'tte* ■7££ 

B , o&L;''-.;^£ > 530t:T- 10 LT Ti-MWW Ti-MCM-41 ©£-jSUU TEOS. 

TBOT *1SC#»::» S^Jf: LT h'7*'>* h V ^ -7^7 A * Ki: )> U ^f^i/ 

7>^->Afc: KD + t^f KfcffiJHU *Jfe-&JS* 100 °C X' 10 SKtfo/c 3 0 540 °C 

KiJfeitHi. -ftSW{C(i0.5MHCI-EtOHT-80°C. 16 R# faHf^LT^o 
KKMttftS^lttt'if^ ffl^LSfg^COTK^iffi^-g-S?^-?. incipient wetness «:"C&« 

-e&iK-rafciGo Pd/-?^ y -> 7-- M&jftii, pd pdcu i/ci±[pd(NHj)4]ci 2 *m 

^ti!^L/: J o Pd y '>'J-y- h<D Ti S^gKttLT Pd/Ti=l t^r^id 

Ufijffcfro/.:. ifc, ft&£; (C) C4wt%^Pd fc^&S&Lfcfcfej&fciSI^L/.io 
* ft <7? S <i . Nj T 400 TJ "C 3 Bf ffl MSI £ o „ 
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7u\zi>><Dmm^&%mt&fo\z. mm*. 20-40 meshM^ufc^ &%mm%m 
mm£.&.jit>mw.zm\ ns.x^^tz a mmmitmm^mT. wcxinmfs^rz* 

mux po (D£j&zmm-rzm-£i. mmtmmit^(D^mmzyu^^>^m^^ 
T&jfozij^tc \ mmt*mm^tzM-£, m$t*mmiz&m, ^mt^u^^y^ 

I^B#^MLTMJ5S^fT^fc 4 » S^4^{i^^^-^-*fiSxfc GC-F1D fZ^*)^ 
3. 5. 3 !£ll!iS3l^?§S 

(1) rwisXDmmiz^zmigmib 

Z<DfcliBXl± PO J-^tC. C2 ^mm(Dy^ YT)Vy : \Z h*(AA), PO tfflt < C3 

^^S5rDtt>7;Prt h\ 7^nW> (CjCHO) i:7th>^bL 

y"uvis>m&mibizft+zmfcM&<»fcw*m^%rziit)^ ^n^enm^cDm^^ 

TiO r Si0 2 v TS-U Ti-MWW Ti-MCM-41 iZffiWt-tei/V &K%iBftg J &X&.J&%:fT r> 

tz (B.3. 5. 3— 1)„ Ti0 2 -SiO, ^(D?-*? J is V tr— MmOTS© Ti 
3o IfiSO Ti0 2 -SiO z m&lZ%.t&&]&$: 200 °C {r±{^^,i; PO #£J5£L£#. 150 °C 
T-te{2£^£Mtt£^£&fro£ 0 — #^?Lff#m-e&-S TS-l.Ti-MWW t Ti-MCM-41 



13. 5. 3—i 7nt!is>mmMiMzMTzimm&(D&w 







TOS 








m$ 


im (%) 






PO 




Si/Ti 


(h) fefb^(%) PO 


CO x 


AA 


QCHOAcetoneOthers 


Ti0 2 -Si0 2 


85 


2 


0.002 


0 


65 


35 


0 


0 


0 


0 






5' 


0.11 


16 


28 


36 


15 


3 


1 


0.019 


TS-1 


55 


2 


0.14 


17 


24 


28 


16 


11 


4 


0.025 






5 


0.06 


24 


28 


25 


17 


6 


0 


0.013 


Ti-MWW 


62 


2 


0.24 


10 


13 


31 


26 


6 


11 


0.025 






5 


0.12 


23 


14 


28 


25 


7 


3 


0.025 


Ti-MCM-41 


58 


2 


0.25 


15 


24 


30 


17 


6 


9 


0.038 






5 


0.12 


28 


27 


27 


15 


~> 


1 


0.034 



: C,H 6 12 ml/min + 0 2 6 ml/min; Jxjfoig.^: 150 °q*200 °C); 



0.50 g; CsNO s *BJ#g: 0.4 mmoi-N0 3 /g-cat. 



150 °c iz&^x TiOj-sio^asUwcttK mi^it&tmiRmx- ?o *mzz 

t&XgtzibK TS-1 m&teftr&t tblZttWtto&OSfaisfc, Ti-MWW. Ti-MCM-41 

tiTs-i iztt^m^ttmmm^^. po £j&iz&zti<bQ>mtetmLT^z>£3§z.<on 

® Ti-MCM-41 ©Ti <a^&\Z J; 

El 3. 5. 3—1 »± Ti Ti-MCM-41 ^JtSSIJS 2 h '&Oi&m 

£^"To urtXOiltJJI^^-t^^ACS^^ 0.4 mmoJ-NO,7g-cat.{CU75:. Ti MS 
tfJfx. ZlZ-DtlX 7D t b >fefb^A , liJD L£<ZHC*t Lt.PO lK^tt Ti/(Si+Ti)=0.010, 
D ^ ^Igi 5 1 ti&lL^; uglt*; ofc. Ti jggtf l 




0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03 

Ti/(Si+Ti) Ti/(Si+Ti) 

133. 5. 3—1 Ti^M©g&.g> CsN0 3 /Ti-MCM-41\C±Zy R vt°U>m.&&1b&.fo 
£fS#;*:CjH s 12 ml/min + 0 2 6 ml/min, S^:150°C, 8ig£:0.5g, fi^fS:0.4 mmol/g. 




0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 25 3 

Amount of Ca(N0 3 ), / (mmoI-NO -Jg* 1 Amount of CzftiO^ / (mmoi-N0 3 ')g 1 



111 3. 5. 3—2 &£j:§GD^&3 Ca(NO 3 )/ri-MCM-41(56)|c:J;-57'nt' > ^^fi®^bS0 
:QH 6 12 ml/min + 0 2 6 ml/min, S^:150°C, f@S&:0.5 g. 
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# 



«*iS^<E<b¥fca«?« po &£.}&-tz>zttfi£>i?-orz \ ^•ciiiw^o 

A£iS#lg&£Ds 0~2.4mmol-N0 3 -K:£"fb£i2\ S&SlC «fc *ie«£M^fc(EI 3. 5. 
3_2) 0 g&:§#-te*D. Ti-MCM-41(56)©^£a4i£hU£:i:^ ^□^U>fefb$ 

ti@»Tf£<, PO ©^J56B:*BTf*<cA»ofc, £©;!£:;&>£>. PO £.mzteffim&ifi* 
qr*T? & 3 e: 7Dtu>fi{b*, po jR*&6£s M^fS©iiiDi:i:t{c 

1.2 mmol-N0 3 7g-cat.SfliADl-^)^lRl^feofc^ *ft£jLbfi&:5£il-e> UT *k IrI± 

© 

313. 5. 3— 2 (TKft&cDftftt. SfcW©»&&*TML&l!!«lcJ:*fi«ie* 
^^-To ^"TiX©^«£4)ffi^^7;i/^>^A* 1.2 mmol-N0 3 7g-catg}$ 0.5 M HQ- 

EtOH T^^SStS-rc: £IZ& oT, Si/Ti lt# 67 fr£ 103 tCigjbrJv t> Ti ^f:5# 

^w^v^/swet+fcfcr ^(^Mt-^.cii:A s #x.?>tii,o zzx'imum^ mm. fig 

tztui&vTi%&&fa±-tzzti>m&zftx^z *o zna ts-i ©-^im-a*?- 
ttma (Na, k ■<#>)# Ti m®.m&&n\sfcj&tfwffl2nzifi. mmmzz^zz 



BE 3. 5. 3—2 7Dt:P>ie^YblCMt-STi-MCM-41©^^©^ 





C,H 4 






miRm (%) 






PO 


( Si/Ti ) $ 


£-fb^e% 


) PO 


CO x 


AA 


C 2 CHO Acetone Others iRs£(%) 


(67) 


0.20 


35 


10 


33 


14 


5 


4 


0.070 


HCl/EtOH (103) 


0.33 


35 


10 


32 


13 


4 


5 


0.116 


H 2 S04/EtOH (101) 


0.28 


37 


10 


32 


14 


4 


4 


0.103 


HNOj/EtOH (72) 


0.26 


38 


8 


34 


14 


4 


2 


0.098 


HCl/EtOH*3 (194) 


0.32 


43 


8 


30 


10 


4 


4 


0.135 


KOAc/EtOH (84) 


0.16 


. 40 


9 


31 


15 


4 


1 


0.065 



fcfojJX : QH* 12 ml/min + 0 2 6 ml/min; SJSSjS£: 150 °C; 
SJ&BSKI: 3 h; tt&fi: 0.50 g; CafNC^fi^g: 1.2 mmoI-N0 3 7g-cat. 
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a 3. 5. 3-3 7tivi,>m&mitiztt't2>fr*ftmm<D®}m 





TOS 








iliR^ (%) 






PO 




(h) $ 


c<b*(%) 


PO 


CO x 


AA 


CjCHO Acetone Others ltZ^(%) 


CjH 6 + N, 


3 


0.002 


0 


31 


69 


0 


0 


0 


0 




5* 


0.007 


0 


21 


79 


0 


0 


0 


0 


QH 4+ 0 2 


6 


0.30 


9 


14 


51 


11 


12 


2 


0.028 




7 


0.40 


23 


13 


45 


10 


7 


2 


0.091 




8 


036 


31 


14 


38 


9 


5 


2 


0.114 



%.J&UX: QH, 12 ml/min + N 2 or 0 2 6 ml/min; SfSSS: 150 °C(*180 °C); 



Ca(N0 3 ) 2 /Ti-MCM-41(147), 1.0 g; Ca(N0 3 ) 2 firlM: 1.2 mmol-NOj/g-cat. 

iSti&mzm&cDtfom&'btzt, Lx^z>-mm&&&%. *zx- ti-mcm-41 £ o.i m 

KOAc/EtOH fg&T-MSL. ^YbSJ&tCffl^fco ^^A 1 5> d©^>7';K3ji'>g© 
* U ^A^SnT^^ChA s to^ofc(Si/K=165) (a 3. 5. 3— 2)» SiSS£J£<fc t) CI 

©M^ta^S© & © £: brStt U Jlft&ff K * 'J £ A ##3-r 5 £ * * 4» to 

tSfJ^i^^^fc^iCs Ca(N0 3 )/ri-MCM-41 M 
*ff 3. 5. 3— 3) 0 CO^-CttSJfea 

g£ 150 °c*»6> 180 •cfc:±fcfT < fcK rntru 

>ife{b^«&#>T<E<, PO ©£j5B±£<itB 

5. po imiH©ll«fcfc*fc&*C£j&U& 
#>£o Hl'S. 3—3 tttMEo#fijS®B}TJ 
© ir b;i/£^L£o Stt'ftX:!! 

2iX3fc:-4> (1384 cm') tt&ftflM&ft 8 h 

ft«aur*»^u:i±fll*br*f6-fx po *t 

d 4: # 




1500 1450 1400 1350 1300 1250 
Wavenumber /cm" 1 

H 5. 3. 3-3 Ca(N0 3 )/n-MCM-41 M 

(a) S^lffifx (b) B*T5hSjSSfc, (c) gt 
fJIT 8 h 
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© Stub 

zwfcfoZkiz&ttz po ©*f3bfc£fi£ic«\ (kcDzt&W.^x&zcLt&ti-fr^fz. 
3S#i:LT, fc^tt$iWmZ£t2> Ti-MCM-4i {zJS^^cd Ti ZmAZV&zto m 
1Xfi&)t\sX&ffimj})\>isVAibm{sX^ZZt 0 %tz PO £}&&Z<DaiZ±B <#c#L 
T^3. ia<*i: LTcd Ti-MCM-4i l:W5i?)iIU«t^i: Wtfi^o PO *£j5& 

Tiiis ffiMt&t^&immt^Bjxx'. E.%-hm%wjLwm\z&^x po ^ii^fc 
(2) ywvxD&mtTkmiz&zmmmit 

^as^e-r- y-uvis ><Dmm t&miz zzmibizx d mm x& zt^mztiZo 

frzs.rmm.Ltzo mMf5^^mmz^m\,tzm^mz. s. 3-aiz^ 4.5 ha&£ 
^tcmzmm<Dfrffi&mtmmcDfrffiigm*^tD-&rzt><D*m 3. s. 3-^ tz^n-en 

^"To £J5£tli:UT PO t-^©iQ7jc^^^rD^U>^>;rr— ;u (pg) #*§£ft3 
^ PG liH J:^^ffl{:#^^Ufc. 0 3. 5. 3-^t (Dmj8<DftffimmifiC>. Ti-MWW 
(D7*n tb><D^bTOM/S^i:#tcliiD-r^cD{^u ts-i hfilfett 
4>U7c 0 MjiMt- Ti-MWW \t TS-1 fctt^r^XDai^^-S/fljtcJ: D*J*t»4kJB 
fcft£„ SJfo£ 4.5 h ftr>tz'&<D±£.l$M(Dfr1fi\Z& t> TS-1 tffct PO PG ^ 

(DEm#m\±J: D#<ii?TLfcc:ii*?», po ^CDiliRtt^fev^-C* tj-mww {iffittT 



e 
o 



0.8 



0.6 



u 

> 0.4 

o 
o 

§ 0.2 
0.0 




■propylene conversion. 
-PO selectivity 



100 
80 
60 



> 



40 g 



20 O 



o 



0.8 



0.6 



> 0.4 

8 

t) 

5 0.2 
>> 

O 




propylene conversion 
■PO selectivity 

-4 I 



100 
80 



60 & 
> 

40 M. 

CO 

20 £ 



2 4 
Time on stream / h 



0 *** 0.0 

0 2 4 6 

Time on stream / h 

HI 3. 5. 3—4 SilMft TS-1 (a) t Ti-MWW (b) %m^fz 7"D \z* U >©»Btfl;*tR 
ICfc&Jitf^Wb 

0.2g; H 2 0 2 , 30 mmol; H 2 0, 17 g; N 3 40 ml min ' + C 3 H 4 12 ml min'; SS,40°C 
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^3. 5. 3—4 TS-1 £ Ti-MWW±rnt:U>©iiS{b7k3R{3j:4x#^r2/ib 



Cat. 


C,H 6 conv. 


Product sel. /% 


PO yield 


H 2 0 2 eff. 


TON 


(Si/Ti) 


/% 


PO PG Others 


/% 


/% 


/mol(mol-Ti)-' 


TS-1 (80) 


0.8 


41 59 0 


0.32 


26 


53 


Ti-MWW(42) 


1.1 


65 32 3 


0.72 


14 


24 



84$£, 0.2g; H 2 0,, 30 mmol; H 2 0, 17 g; N 2 40 mi min 1 + C,H 6 12 ml min r&g.,40'C; B^, 4.5 



a 3. 5. 3—5 iZ^k^fz Pdfi& TS-1 &mi^Xmm£7i<imfrt><Z> in situ -£>&}l7U fc: 
U><Ditf*Wb©|i]B#j!fT£ijU*£o $SSI£3I 3. 5. 3—6 lZ£t&>Zo Pd ^i: U 

t Pda 2 fc[Pd(NH 3 ) 4 ]ci, zm^tzAK mmm-ci*. nmm^zru^vy^m^ 

f&Vo-c-&2>7n^yZ±\z£j&\^tci a u^u po (D^mzteUZtitzo PO 

^SA^[Pd(NH 3 ) 4 ]a 2 A $ 3l^b7k^©M{3fi ct t) GMttmm&-Z& Z Z t#t>fr^tzo 
tiK&i&8tt PO £j&gCD4B&H±k:-CH^ Pd«Pda 2 , [Pd(hm 3 ) 4 ]a 2 &l;i&j£i&g 500°C 

-easK Ltz, ptmft ts-1 Mftdw t ^ po '^aatim-rmm t*^tz a 
m3. 5. 3—5 mt£*0kftX'mmistz?arTs-i mm 



No. Calcination temperature/ °C Pd source 

1 400 PdQ 2 

2 500 PdCl 2 

3 500 [Pd(NH 3 )«]Cl 2 

4 600 [Pd(NH 3 )«]Cl 2 



No. 1,2 calcination under 0 2 for 3 h, reduction under H 2 for 1 h 
No. 3,4 calcination under 0 2 for 3 h, reduction under N 2 for 1 h 

m.3. 5. 3—6 PdA•S-l(80)?£ffl^^fe7'^t^^>CD^^lzK^^C<t-5J.^^ : •v'^b 



No. CjH 4 conv. Product sel. /% PO yield TON 

1% ~PO C 3 H. 1% /mol(mol-Ti)- 1 

1 1.0 2.4 9T6 O02 0A3 

2 1.4 2.2 97.8 0.03 0.38 

3 1.3 4.2 95.8 0.06 0.82 

4 0.5 5.7 94.3 0.03 0.49 



M$£(Pd/Ti=l), 0.2 g; H,0 2 , 30 mmol; H,0, 20 g; N, 57 ml min' 1 + C 3 H 6 7 ml min"' + H, 3 ml 
min* + O, 6 ml min '; 5g^,40'C;B$£u, 5 h. 



— 267 — 



313. 5. 3—7 VdrnM-SPd/C ilTS-l £ffl^7c £ lx >©3i**:Hb 



OjUe conv. 


Product sel. /mol% 


PO yield 


TON 


/% 


PO QH, 


1% 


/moJ(mol-Ti) 1 


0.7 


2.0 98.0 


0.01 


0.07 



min 1 + 0 2 6 ml min 1 ; Sf£, 40°C; 5 h. 

±§B©~ 7Gttggftktt& it^-T 3 £ to, /Dti/ > ©x#3r Mb -5^-fb7j<: 

^©i^ N tT-O V\s><D*X*r*s<b<D'&m*:Zn?1\ Pd/C i; TS-1 £#5l£-li\ 
Zfi^fz (S3. 5. 3-7). COiSi:! 3. 5. 3— 6 £Jt^3 PO ©£j&§##> 

^ct)fft^cih* j toA^o t*o-t, m-Mm±x-mm^bykm^ in situ ^-ritrnrn^^. 

MMmcommz * comm. ^Ui^n-omt, w^mm<D 

Xs J:t)^)M< poz&tfi-r zm&i'T.T-isZmtiXsX^^ftx&z. 
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